This paper presents an algorithm for orbit centering in the quadrupole magnets developed specifically for the early commissioning stage of SPEAR3 light source.
Transverse offset Ax gives rise to the first term, which is a familiar orbit perturbation due to a dipole error: model-based approach by extracting additional information ahout the optics distoltion from the same orbit response data.
Angular offset Ax ' generates the second term:
METHOD
The method is based on ' finding an equivalent -(computer) model of a storage ring that produces the same orhit, shifts in response to physical quadrupole shift and A A = . .
(6)
tilt as the machine in response to a change in the quadrupole strength.
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Analytical solution
Using the analytical results and notation of [I] A, =-la AX:
Equivalent model
It is possible to approximate the Ak response of a real storage ring as an orbit change in an equivalent model. In order to show this, we examine the differential orbit changes in response to two types of model perturbations that can be easily implemented in most accelerator optics codes.
When a quadrupole is shifted by 5 in x, the propagation 
The other type of model perturbation involves derivative we can minimize the difference measured dz and the model dz computed as kicks of i6 at the quadrupole ends. This leads to (11) 
__am o-hx' is <I% for all quadrupoles
where g is the transfer matrix for one-half of the quadrupole, and observing that instead of (17). In this case the error can estimated as (14) 
/?,ku+ Ax
When the above procedure is applied to each quadrupole independently it will introduce systematic e m s in the determined offsets due to the optics differences between the storage ring and the model. 11 is possible avoid this systematic error by tuning the problem into a least squares minimization of dzdz for all quadrupoles simultaneously at the same time varying the model parameters, most importantly the quadrupole and skewquadrupole term in model sextupoles.
We form a vector of orbit shifls in response to the changes of dk in all quadrupoles:
it is easy to see that orbit shifls from perturbations DE and De are the same as ( 5 ) and (6) 
DISCUSSION
The proposed method is practically useful during commissioning because the time consuming calculation of design matrix A i s done prior to the measurement of all quadrupole &-response. The only computer-intensive operation to be performed during BBA procedure is finding the least squares solution of (19) through the singular value decomposition ofA.
The proposed technique is an extension of the idea behind the powerful response matrix analysis method [2] . When this idea is applied to a BBA problem, changes in quadrupole strength dk act as corrector magnets.
